Quantum dynamics of a mobile spin impurity by Fukuhara, Takeshi et al.
Quantum dynamics of a mobile  
spin impurity
SUPPLEMENTARY INFORMATION
DOI: 10.1038/NPHYS2561
NATURE PHYSICS | www.nature.com/naturephysics 1
HˆBH = −J
∑
�j,k�,σ
bˆ†σ,j bˆσ,k +
∑
j,σ,σ′
U
2
nˆσ,j(nˆσ′,j − δσ,σ′) +
∑
j,σ
(V trapj − μ)nˆσ,j.
�j,k�, σ = ↑ , ↓ j
k ↑ ↓ J
bˆ†σ,j bˆσ,j σ j
U nˆσ,j
δσ,σ′ μ
ωtrap/2π
V trapj =
1
2
mω2trap(jalat)
2 m 87 alat
U � J HˆBH
1/2
Sˆxj =
1
2
(
bˆ†↑,j bˆ↓,j + bˆ
†
↓,j bˆ↑,j
)
Sˆyj =
1
2i
(
bˆ†↑,j bˆ↓,j − bˆ†↓,j bˆ↑,j
)
Sˆzj =
1
2
(nˆ↑,j − nˆ↓,j)
Jex = 4J
2/U
Vi
Jex,j =
4J2U
U2 − (Vj − Vj+1)2 .
ωtrap/2π = 85 Jex 2% Vx = 10Er
Jex,j ≈ Jex =
4J2/U
2 NATURE PHYSICS | www.nature.com/naturephysics
SUPPLEMENTARY INFORMATION DOI: 10.1038/NPHYS2561
NATURE PHYSICS | www.nature.com/naturephysics 3
SUPPLEMENTARY INFORMATIONDOI: 10.1038/NPHYS2561
��0 �� 0 � ��
0
���
0.2
P
ro
b
ab
ili
ty
��0 �� 0 � ��
0
���
0.2
��0 �� 0 � ��
0
���
0.2
Position (lattice sites)
P
ro
b
ab
ili
ty
��0 �� 0 � ��
0
���
0.2
Position (lattice sites)
a b
c d
J/U = 0.053 60
J/U =
0.23 Vx = 5Er J/U = 0.053 Vx = 10Er
4
��� �� � � ��
�
����
���
����
���
Position (lattice sites)
P
ro
b
ab
ili
ty
kTB/U��
kTB/U�����
kTB/U�����
kTB/U�����
� ���� ���
�
���
Temperature T (U/kB )
C
on
tr
as
t 
C
� ���� ���
�
���
�
Temperature T (U/kB )
V
el
oc
ity
 v
 (J
a l
at
/ħ
)
a b c
J/U = 0.23 4
4 NATURE PHYSICS | www.nature.com/naturephysics
SUPPLEMENTARY INFORMATION DOI: 10.1038/NPHYS2561
�nˆ↓,j(t)�
J/U
J/U√∑
j j
2�nˆ↓,j(t)�
↑
J/U = 0.47
j
N↓↑(j,j+1)−N↓↑(j,j)
NATURE PHYSICS | www.nature.com/naturephysics 5
SUPPLEMENTARY INFORMATIONDOI: 10.1038/NPHYS2561
00.25
0.5
0.75
0
0.25
0.5
n d
et
 (a
to
m
s/
si
te
)
�� 0 � 2
0
0.25
0.5
Time t (ms)
0
0.05
���
����
N

��
��
��
�

(0
,0
)
0
0.05
���
����
N

��
��
��
�

(1
,1
)
�� 0 � 2
0
0.05
���
����
Time t (ms)
N

(�
��
��
�

(2
,2
)
a b
j = 0 j = 1 j = 2
t = 0
j = 0, 1, 2
6 NATURE PHYSICS | www.nature.com/naturephysics
SUPPLEMENTARY INFORMATION DOI: 10.1038/NPHYS2561
NATURE PHYSICS | www.nature.com/naturephysics 7
SUPPLEMENTARY INFORMATIONDOI: 10.1038/NPHYS2561
